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TECHNICAT. NOTE 4228

EFFECTS OF FIXING BOUNDARY-TAYER TRANSITION FOR
AN UNSWEPT-WING MODEL AND AN EVALUATION OF
POROUS TUNNEL-WALI, INTERFERENCE FOR
MACH NUMBERS FROM 0.60 TO 1.40

By Louls S, Stivers, Jr., and Garth W. Lippmann

SUMMARY

An investigation has been made in the Ames 2~ by 2~foot transonic
wind tunnel to determine the aerodynamic effects of fixing boundary-layer
transition in a forward location on two unswept-wing models differing
only in size end having unswept wings of aspect ratio 3.09 with sharp
leading edges. The tests were made at Mach numbers from 0.60 to 1.40
and at Reynolds numbers from 1.5 to 3.45 miliion.

The effects of fixing transition were very pronounced on the pitching-
moment and 1ift curve slopes at transonic Mach numbers, but were small at
Mach numbers above about l.15. For the fixed~-transition condition the
varistions with Mach number of the pitching-moment and 1ift curve slopes
were much smoother than for the free-transition condition. Within the
range of the test Reynolds numbers the effects of fixing transition
remained gqualitatively the same., The results indicate that for tests at
transonic Mach numbers of scale models with unswept wings, 1t is important
to fix transition et locations corresponding to those expected in f£light.

An evalustion of the interference of the porous walls in the Ames
2~ by 2-foot transonic wind tunnel was made utilizing the fixed-transition
date for the different-sized models. The evaluation indicated that the
wall interference was generally small for the largest model employed in
the investigation. This model had & projected frontal ares of 1.2 percent
of the cross-sectional ares of the wind-tunnel test section. The limiting
value of 0.5 percent indlcated in the preliminary evaluation of porous-
wall interference for these models, reported in NACA RM A55I21, is incor-
rect. TIn the selection of model size for small interference due to porous
tunnel walls, the present results afford a guide only for models geomet~
rically similar to the wing-body model of the present investigation. In
general, the selection depends on factors in addition to the projected
frontal area relative to the tunnel cross~sectional area.

INTRODUCTION

Aerodynsmic characteristics of full-scale slircraft are generally
deduced from small-scale model tests at Reynolds numbers much lower then
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those corresponding to flight. This procedure has merit, however, only
when the model data can be reliably extended to full-scale conditions.
The usually low test Reynolds numbers can be a source of difficulty,
especielly at the lower incidences where more extensive regions of lami-
nar boundary layer are likely to exist on the model than on the aircraft.
Whenever the boundary-layer characteristics on the model over a range of
incidences and Msch numbers are substantially different from those on the
aircraft, there is always the possibility that the distributions of pres-
sures on the model will not correspond to those on the sircraft. This
can be the case particularly at transonic Mach numbers because of the
various effects of shock-wave boundary-leyer interactions resulting from
different boundary-layer conditions. The difficulty i1s not only that the
effects may be large, but also that the effects are unpredictable.

The results of shock-wave boundary-layer investigations, such as
those reported in reference 1, indicate that the Reynolds number effects
are substantially reduced if the boundary leyer shead of the shock waves
is turbulent. This would suggest that for a case when comparatively small
regions of laminsr boundary layer are expected on the alrcraft and rela-
tively extensive regions are found on the scale model, transition should
be fixed at a forward position on the model to correspond more nearly to
that on the sircraft in flight. Accordingly, the difficulties associeted
with the application of the small-scale test results to the aircraft mey
be expected to be minimized. The data of references 2 and 3 have shown
that when transition is fixed on the forward portion of a model, the
resulting aserodynamic characteristics can be apprecisbly different from
those measured when transition is left free and occurs relatively far
rearward. Also reported in references 2 and 3 are sumaries of numerous
tests in which the problems associated with fixing transition, such as
the device to be used and its size, were investigated.

Of the known published high-speed aerodynamic data showing the effects
of fixing transition, only & small amount corresponds to three-dimensional
configurations. Further research is needed, Paritlicularly at transonic Mach
numbers, to determine the combined effects of fixing transition and of
Reynolds number on the aerodynamic characteristics of models having wings
of various plan forms. Some information of this type has recently been
obtained in an extensive ilnvestigation in the Ames 2- by 2-foot transonic
wind tunnel of a model having an unswept wing with a sharp leading edge
and heving transition fixed at a forward location. The present report
summarizes the resulis of the investigation.-

Also included in this report is an evaluation of the effects of
porous-wall interference in the Ames 2~ by 2-foot transonic wind tunnel
on the serodynamic characteristics of the unswept-wing configuration with
transition fixed. A preliminary evaluation of the wall effects of this
wind tunnel employing the same models with transition free has been
reported in reference k.,
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NOTATION

drag coefficient
1ift coefficient
1ift curve slope, 3

3

Cp
Cr,
OLq,
Cn pitching-moment coefficient referred to <T/4 (see fig. 1)
CmCL pitching-moment curve slope, 555

c local chord of wing

cg local chord of horizontal tail

T mean gerodynamic chord of wing

Ty megn aerodynamic chord of horizontal tail

M free-stream Mach number
R Reynolds number
a angle of attack, deg

APPARATUS AND TESTS

Models

Two geometrically similar models of different size were employed in
the present investigation. These were the "medium" and "large" models
which had been employed in the preliminary investigation of wall effects
reported in reference 4. For consistency, the models will also be desig-
nated "medium" and "large" in the present report. The magnitudes of the
blockage of these models in the Ames 2- by 2~foot tunnel are 0.5 and
1.2 percent, (Model blockage, in percent, is defined as 100 times the
ratio of projected frontal area of the model to the cross-sectlional area
of the wind-tunnel test section.) The linear dimensions of the large
model are 1.5 times the corresponding dimensions of the medium model.

The configuration of the medium model is shown in figure 1 together with
other geometric information. The tail wnit was available only for the
medium model. Each model was constructed of steel., The wing and
horizontal-tail panels had sharp leading edges and were fixed on the body
at zero incidence with no dihedral. The vertical tail employed the NACA
0003 airfoil section in the streamwise direction.
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Transition was fixed on the models by means of a 0.005~inch-diemeter
wire which was attached to the model surfaces by means of clear lacquer.
A trensition-wire ring on the body was located at a station 1-1/3 inches
from the apex of ‘the body nose on the medium model, and 2 inches from the
apex on the large model. On the wing and horizontel-tail surfaces, the
transition wires were located along rays from the leading-edge apex to
the quarter-chord point of the tips. Transition was not fixed on the
vertical tail, '

Wind Tunnel and Model Support

The investigation was conducted in the Ames 2- by 2-foot transonic
wind tunnel, This wind tumnel utilizes a flexible nozzle and porous test-
section walls to permit continuous operation to & Mach number as high as
1.4, and to provide choke-free flow in the test section throughout the
transonic Mach number range. A given Reynolds number can be maintained
throughout the operational range of Mech numbers by varying the stagnation
pressure within the wind tunnel. A detailed description of the tunnel is
given in reference U,

For the tests the models were mounted on sting-supported, flexure-
type balances which were enclosed within the bodies of the models. The
ratios of model base diameter to sting diameter for the medium end large
models were ldentical. Electrical~resistance strain geges were employed
to measure the forces and moments on the models.

Tests

Lift, drag, and pltching-moment date were obtained at 20 Mach numbers
ranglng from 0.60 to 1.40 and for angles of attack ranging from about -i°
to 13 5 except when either the loads on the balances or the power supplied
to the tunnel drive motors reached limiting wvalues. Each model was tested
at two Reynolds numbers; the medium model at 1.5x108 and 2,3%x108, and the
large model at 1.5x108 and 3.45x106 (Reynolds numbers based on wing mean
aserodynamic chord}. The largest Mach number attainable at the higher
Reynolds numbers was 1.20. The measurements were made with the models In
the free~ and fixed-transition conditions. The visualization technigue
described in reference 5 was used in brief tests to determine the
effectiveness of the wires in producing transition.

CORRECTTIONS AND PRECISION

No corrections for the effects of the test-section walls have been
applied to the data of this report. A preliminary evaluastion of such
effects reported in reference 4 (boundary-layer tremsition free) has shown
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that the magnitudes of the corrections for the medium-model data are small,
for the most part. Purthermore, the examination of wall-interference
effects made later in this report (boundsry-layer transition fixed) has
indicated that the magnitudes of the corrections for the large-model data
are essentially the same as those for the medium-model data.

Other factors which could have influenced the measured date. have been
considered and have been deselt with in various ways. Stream-angularity
corrections were found to be insignificant and are not included. The
axial forces megsured by the internel balance have been adjusted to cor-
respond to a condition of free-stream static pressure at the base of the
body.

The transition-fixed drag date have not been corrected for the con-
tribution due to the wires. The increment in drag coefficient due to the
transition wires could not be accurately determined from the date of the
present investigation. It was estimated, however, that for transition
Wwires on the body nose and on both surfaces of the wing and horizontal
tail the increment varied from 0.0012 to 0.0015 over the test range of
Mach numbers, and for wires only on the wing, from 0.0007 to 0.0009. For
the estimetions, the drag of the wires was assumed to result principally
from pressure differences across the upstream and downstresm sides of the
wires, Pressure date measured on forward and rearward facing steps, which
were obtained from reference 6 and from unpublished investigations in the
Ames 1~ by 3-foot and 1~ by 3-1/2-foot wind tunnels, were employed in the
calculations. Pressures were used that most nearly corresponded to the
locel boundary-layer conditions, ratio of wire diameter to length of
boundery-layer run upstream of the wire, and local Reynolds and Mach num-
bers at the position of the transition wires on the model. (The boundary
layer ahead of the wires was leminar snd transition occurred at a distance
behind the wires of the order of 10 wire dlsmeters.) It was noted that
the pressures on the steps varied substantially depending on whether the
boundary layer was laminar, transitionsl, or turbulent. For low super-
sonic Mach numbers the pressure differences across the faces of a step
simulating & wire were roughly twice as much for a turbulent boundary
layer as for a laminar boundary layer. The present method of estimating
the drag of the wires has been substantiated for the condition of a turbu-
lent boundary layer over the wires. For this condition, increments in
dreg due to the wires were determined experimentally in the wind tunnel
simply by adding & second wire on the wing parallel to and one-guarter-
inch downstream of the initial transition wire. The experimental incre-
ment in drag due to the second wire varied from 0.0011 to 0.0022 over the
Mech number range from 0.60 to 1.4t0, whereas the corresponding estimsted
inerements varied from 0.0013 to 0.0018.

In addition to the small systemetic errors which may be introduced
by the corrections that have been neglected, the test date are subject to
random errors of measurement that influence the precision of the measured
data. The methods of reference T were used to evaluate the precision of
Mach number, angle of attack, Reynolds number, and 1ift, drag, and



6 NACA TN 4228 .

pitching-moment coefficients for the data obtained using the medium model
of the present investigation. The random uncexrteinties assoclated with
the medium model are given in the following table for low and moderate .
angles of attack, and for three representative Mach numbers:

M = 0.60 M= 1.00 M= 1,40

Item e} ) ) o o)

o = 0.25 a=6%° |a=0.25 a=6° |a=0.25 o= 6°
M +0,002 +0,002 *0.002 40,002 0,002 10,002
@ +,02° +,01° £,02° +,03° +,02° +,02°
R +,03x108 | #.,03x108 | +.02x108 | +£.,02x108 | #,08x108 | #*,08x108
CL +, 00k *,005 *,002 +,007 +,001 +,005
Cp *,0002 +, 0004 +,0002 £,001L +, 0002 +,0010
Cn *,003 *, 004 *,002 +,007 +,001 *+,005

The random uncertainties of the 1ift, drag, and pitching-moment coeffi-
clents and angles of attack assocleted with the large model are belleved
to be no greater than those given above for the medium model., The
uncertainties of Mach number and Reynolds number would be unaffected by
the change in models.,

RESULTS AND DISCUSSION

Examination of the resulis of the present investigation has indicated
that the effects of fixing transition can be adequately summarized in a
comparison of the values of pitching-moment curve slope, CmCL’ 1ift curve

slope, Cr, and drag coefficient for the various conditions. Accordingly,
most ‘of the results are given in this form and are presented for 1ift
coefficients of 0, 0.2, and O.4 as functions of Mach number. Some basic
data, however, are presented for a few selected Mach numbers to show the
results for constant Mach number and varying incidence. The basic data
are on file at the Ames Lsboratory of the NACA and can be obtained upon
request.,

Effects of Fixing Transition

Reynolds number of 1.5 million.~ Variations of the pltching-moment
and lift curve slopes with Mach number as affected by fixing transition?t

lResulte of boundary-layer visualization tests throughout the Mach
number renge employlng the diffusible-solld technigue described in ref-

erence 5 indicated that the wires effectively caused transition some
10 wire diameters downstream of the wires et low angles of attack.
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on the wing, body, and tall ere shown in figures 2 and 3, respectively.
(The corresponding data for the large model indicate essentially the same
effects as the data for the medium model and sre not shown for this resson.)
Large effects of fixing transition are generally observed at subsonic and
transonic Mach numbers, but only small effects are evident at Mach numbers
above about 1.15. The sbrupt changes in 1ift and pitching-moment curve
slopes with variation in Mach number shown for the free-transition condi-
tion (such as for a Mach number of 0.95 st zero lift) are smoothed out
considerably for the fixed-transition condition. This is especially true
for the pitching-moment curve slopes. A full-scale airplene which has
pitching-moment characteristics like those for the model with transition
free would probably experience undesirable trim changes in regions corre-
sponding to the marked changes in pitching-moment curve slopes. Since the
location of transition on the airplane, however, is not likely to be rela~
tively as far rearward as that on the scale model at low Reynolds number,
1t can be inferred that the transition-free data would provide mlsleading
results if an attempt were made to extrapolate such data to full-scale
conditions. Accordingly, the importance of fixing transition on scale
models &t locations corresponding to those expected in flight is readily
apparent.

The veriations of drag coefficient with Mech number are given in
figure 4 for the tail-off configuration of the medium model. Iarge incre-
ments in drag coefficient due to fixing transition are evident in this
figure. At zero 1lift, only about 20 percent of the increment 1s due to
the drag of the wires, whereas the remaining 80 percent is due to the
increase in skin friction. (The procedure for estimating the drag of the
wires is briefly described in the "CORRECTIONS AND PRECISION" section of
this report.) It is noted in Ffigure 4t that the increments generally
decrease with increasing 1ift coefficient, as would be expected. The
effects of Reynolds number on the increments in drag coefficient due to
fixing transition are discussed in the next section of this report.

Typical basic 1lift, drag, and pitching-moment data are presented in
figure 5. (Religble drag data are not available for the complete model
in the transition-free condition.} It is apparent that the effects of
fixing transition are the most pronounced for the pitching-moment and
drag data. Substantial effects are observed for 1ift coefficients as
high as about 0.7 for & Mach number of 0.9k%,

Reynolds numbers of 2.3 and 3.45 million.- In an effort to provide
some Indication of the influence of Reynolds number on the effects of
fixing transition, the tail-off conflguration of the medium and large
models was tested at Reynolds numbers of 2.3 and 3.45 million, respec-
tively. The effects of Mach number on the pitching-moment end 1ift curve
slopes are shown in figures 6 and T, respectively, for the two models at
these Reynolds numbers. Data were unobtainable for a Reynolds number of
3.45 million at a 1lift coefficient of 0.4 for Mach numbers from about
0.94 to 1.06 and sbove a Mach number of about 1.12. The variations of
drag coefficient with Mach number for the models are given in figure 8.
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Typlcal basic 1ift, drag, snd pitching-moment coefficlents for the two
models are shown in figure 9 for a Mach number of 0.9%. For comparison
in figures 6 to 9, the corresponding data for .a Reynolds number of

1.5 million with transition fixed on the models are also presented.

It is observed in figures 6 to 9 that the effects of fixing transi-
tion at Reynolds numbers of 2.3 and 3.45 million are also significant end
are qualitatively the same as those for a Reynolds number of 1.5 million.
It should be noted that the fixed-transition date for the higher Reynolds
numbers are generally in good agreement with the corresponding fixed-
transition data for a Reynolds number of 1.5 million, except for the
expected differences in the level of the drag coefficients resulting from
the differences in Reynolds number.

Additlional informstion concerning the effects of Reynolds number on
the magnitude of the minimum drag coefficients is given in figure 10,
where measured values of drag coefficient at zero 1ift for a Mach number
of 0.60 are presented for the fixed~ and free-transition conditions at
Reynolds numbers varying from ebout 1.0 to 3.45 million. Alsc shown in
this figure are calculated curves for the models with fully turbulent and
fully laminar boundary layers. The calculations were made using the wetted
areas of the wing and body, and flat-plate skin-friction coefficients which
for the turbulent boundary layer were determined from reference 8 and were
corrected to a Mach number of 0.60 by the data of reference 9. For the
laminar boundary layer the skin-friction coefficlents were obtained from
the expression 1,328 R™Y2, It is evident in figure 10 that the measured
drag coefficients for the fixed-transition condition are very closely
approximated by the corresponding calculated values., The agreement in
the trends of the two curves is remarkable., For the trensitlon-free case,
the measured drag coefficient at a Reynolds number of 1.0 million is about
double the value calculated for a fully laminar boundary layer. As the
Reynolds number is increased, the measured values depart more from the
calculated laminar curve and approach the calculated turbulent curve,
indicating an average forward movement of free transition on the model
for a Mach number of 0.60. The zero-lift drag dete of figures I and 8
indicate that this forward movement was not appreciably affected by Mach
number,

Wall Effects in the Ames 2~ by 2-Foot Transonic Wind
Tunnel for an Unswept-Wing-Body Model

It has been shown by the data already presented that the pltching-
moment end 1ift curve slopes of the unswept-wing models with boundary-
layer transition fixed in a forward location are mgsterially different at
transonic Mach numbers from those slopes corresponding to the free~
transition condition. In addition, it has been noted that the slopes
corresponding to the fixed-transition condition vary muich more smoothly
with Mach number. Inasmuch as the evaluation of porous-wall interference
from transition-free data reported in reference 4 may have been influenced
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by differences in boundary-layer conditions on the models employed during
the tests, it was believed that a re-evaluation of the effects should be
made using the present fixed-transition deta.

To eveluate the wall-interference effects the fixed-transition
1.5-million Reynolds number date for the tail-off configuration of the
medium and large models are compared with unpublished fixed=transition
data from tests of the large model at a Reynolds number of approximately
1.5 million in the Ames 6~ by 6-foot supersonic wind tunnel. The same
large model and balance used in the present investigetion were employed
in the Ames 6- by 6-foot wind-tunnel tests. The magnitudes of the block-
ages of the medium and large models in the Ames 2~ by 2~foot tunnel are
0.5 and 1.2 percent, respectively, and thet of the large model Iin the
Ames 6- by 6-foot tunnel is Q.1 percent.

The variations of pitching-moment and 1ift curve slopes with Mach
number for the different amounts of model blockage ere shown in figures 11
and 12, respectively. It is immediately apparent in these figures that
the values of the slopes for the three blockages are in good agreement,
with wminor exceptions. The differences, in general, are less than those
shown earlier in this report between the fixed-~ and free~transition data
for a given model. It is of particular significance to observe that the
0.5- and l.2-percent-blockage data are in about equal sgreement with the
O.l-percent data, indicating that within the accuracy of the data the wall
interference is essentially the same for these two blockages. Irregulari-
ties are evident in the 0.5~ and 1l.2-percent~blockage data at the low-
supersonic Mach numbers, which introduce significant differences in +the
megnitudes of the slopes for these two blockages. Such irregularities
are apparently due to wave reflections from the walls of the test section.
Note particularly that the 0.l-percent-blockage date would lie very near
a smooth curve feired through the irregularities in the dats for the
higher blockages. That such & faired curve represents interference-free
date very well eppears to be substantiated by preliminary unpublished data
for the large model tested in the Ames lk-foot tunnel (model blockage of
0.03 percent). These tests were made for increments in Mach numbers of
0.02 between Mach numbers of 0.90 end 1.10.

The variations of drag coefficient with Mach number for the several
amounts of model blockage sre presented in figure 13 for 1ift coefficients
of 0, 0.2, and O.k. For zero lift coefficient, there is little effect of
change in blockage. A slight decrease in drag coefficient with an increase
in blockage, however, is apparent for Mach numbers from about 1.0 to l.1l.
At successively higher 1ift coefficlents it is observed that the differ-
ences in the drag coefficlents for the three blockages become, in general,
progressively greater, The reasons for these greater differences are not
known. The differences for Mach numwbers above about 0.95, however, are
probably not indicative of the wall-interference effects since the agree-
ment between the 0,5- and l.2-percent-blockage data is generally good at
these Mach numbers,
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The 1ift, drag, and. pitching-moment characteristics of the tall-off
configuration with fixed transition are shown for the variocus model block-
ages in figure 14 at constant Mach numbers. -The agreement among these
data is generally good, thus indicating that, on the whole, the effects
of wall interference are not substantially different for the magnitudes
of model blockage employed in the present evaluation.

In the previous analysis of wall interference in the Ames 2~ by
2-foot trensonic wind tunnel (transition-free data) reported in refer-
ence %, it was concluded that the largest size model for which reliable
data could be obtained was one having O.5-percent blockage. Although
the 1ift, drag, and pitching-moment coefficients at constent incidence
for the 1l.2-percent-blockage model (ref. 4) compared favorebly in some
respects with the corresponding data for the 0.,5~percent-blockage model,
serious discrepancies in these characteristics were evident mainly in
the supersonic Mach number range between 1.05 and 1.20. Since no serious
discrepancies were indicated by the transition-fixed data of the present
report, an effort was made to determine the reasons for the disagreement.
An examination of the differences between the 1ift, drag, and pitching-
moment coefficlents at constant engles of incidence from the date of ref-
erence 4 and from the present investigation indicated that the previously
mentioned discrepancies did not exist in the present data even for the
transition-free condition. In general, fixing the transition proved to
have only minor effects on the differences between the measured force and
moment coefficients for the 1l.2- and 0.5~percent-blockage models. The
discrepancies noted in the data of reference 4 for these models appeared
to have resulted from difficulties in accurstely messuring the forces and
moments on the models, particularly for the higher incidences. For the
present tests, more accurate balances and equipment for recording the out~
puts of the balence strain gages were employed than were available for the
investigation of reference 4, Inasmuch as the present data have indicated
that the wall-interference effects appear to be generally smsll for an
unswept-wing-body model having a blockage as large as 1.2 percent, it is
apparent that the limit of 0.5 percent stated in reference % is incorrect.

CONCLUDING REMARKS

The results of the investigation to determine the aerodynemic effects
of fixing transition at a forward location on the unswept-wing models for
Reynolds nunbers ranging from 1.5 million to 3.45 million indicated that
fixing transition effected large changes in the pltching-moment and 1Lift
curve slopes at transonic Mach numbers, but produced only smell changes
at Mach numbers above about 1.15. The varlations of the pitching-moment
and 11ft curve slopes with Mach number were much smoother throughout the
transonic Mach nunber range when transition was fixed than when left free.
The effects of fixing transition were gqualiltatively unchanged within the
range of the test Reynolds numbers. It has been noted that extrapolation
of the transition~free data to full-scale conditions could provide
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misleading results in the transoniec Mach number range. As a result,
vhenever tests are to be mede within this range, it is important that
transition be fixed on scale models at locations corresponding to those
expected in flight. '

The evalustion of porous-wall interference in the Ames 2~ by 2-foot
transonic wind tunnel, employing fixed-transition data obtained from tests
of different sized models, indicated that the interference is generally
small for an unswepb-wing-body model having a projected frontal ares as
large as 1.2 percent of the cross~sectional area of the wind-tunnel test
section, Inasmuch as the present data were obtained using more accurate
equipment than was availlable for the preliminary investigetion reported
in NACA RM A55I21, the limiting value of 0.5 percent noted therein is
evidently incorrect. In selecting the size of a model for small inter-
ference in a given porous-well transonic wind tunnel, the present results
are strictly applicable only when the model is geometrically similar to
that of the present investigation. In general, the selection depends on
factors in addition to the projected frontal area relative to the tunnel
cross-sectional area. Such factors include the tail length or body length
relative to the tunnel height (ref. 10).

Ames Aeronautical Laboratory
Netional Advisory Committee for Aeronautics
Moffett Field, Calif., Feb. T, 1958
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Figure l.- CGeometricel information for the medium model.
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Figure 2.~ Variations of pitching-moment curve slope with Mach number as
affected by fixing transition; R = 1.5Xx10%, medium model.
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Figure 3.~ Variations of 1ift curve slope with Mach number as affected by
fixing transition; R = 1.5%10%, medium model.
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Figure 4,- Variations of drag coefficient with Mach number as affected by
fixing trensition; R = 1,5x10%, medium model, tail off.



g2t ML YOWN

0 ﬁfﬂ"’ Transition 1 b
y © Fixed 3

o B Free '_\

'y ” )}
—'4
-6
-8 -4 0 4 8 12 6 D4 0 -04 ~-08 =12 -6

a Cm
0] 04 08 12 16 .20 24
Cp

(e) Tall off, M = 0.60.

Figure 5.~ Lift, drag, and pltching-moment characteristics as affected by fixing trensition;
R = 1.5x10%, medium model.
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Figure 6.~ Variations of pltching-moment curve slope with Mach number for

Reynolds numbers higher than 1.5x10° as affected by fixing transition;
tail off.
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Figure 8.- Variations of drag coefficient with Mach number for Reynolds num-
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Figure 9.~ Lift, drag, snd pltching-moment characteristics for Reynolds numbers hlgher than
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Figure 11l.~ Varistion of pitching-moment curve slope wlith Mach number as
influenced by the magnitude of model blockage; tail off, transition
fixed, R= l.5><108.
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Figure 12.- Varlation of lift curve slope with Msch number as influenced
by the magnitude of model blockage; tail off, transition fixed,
R = 1.5%x108,



34 NACA TN L4228

07
06 = /,/‘J
A 1
/l
05 _ CL =04 A /}-—{/
N ‘\\\
04 <
Gy
03 S 'f_%_
C =02 P
— — — - — 7
02 ~ A Blockage, Ames
percent tunnel
05 2by2
o]} -_——— 12 2by?2
A A 6 by 6
0
03
D iR
02 — ' ==
CL =0
CD _ J A =
Ol
o
6 ¢ 8 S 0 Ll 1.2 13 14

Figure 13.~ Variation of drag coefficient with Mach number as influenced
by the magnitude of model blockege; tail off, transition fixed,

R = lu 5><loao



geeh ML VOVN

LTI
10 p?lfaéﬂﬂum' Tm A
® 05 2by? A '
P F g - P
8 ﬁ pS5 f
6 Jaﬁf r i 4 e
. F
CL ‘ > P o
2 9{ P u':::emu:n { L/ uou-o.ld::h
) L | o weomo T ot uecoe
C ng ) o]
A /
“2 :
4 5 ' " 4
1 M~0B0 / 90 - 100 106 L2 ( 120
FEEENarENNEY 114117 | |
8 4 0 4 8 12 B
(a) Cp, vee

Figure 4.~ L1ft, dreg, apd pltching-moment characteristics ss influenced by the magnitude of -
model blockage; tail off, transition fixed, R = 1.5x10°.

GE



L2
BN
Do uneel
10 per
® 05 2by? =94
B 12 2y2
8 A . 6by6 - il LA
s W
0 4
i< A <] 0%
A
C
- T Hoter o % C ot a1 %
2 dochnge doka . 450
at M=089 ot M:L22
0 i
-2
"\ 4
4 By
M=080 20 00 106 u2 120
-6l | | | |
0 12 16 20 24
Co
(b) Cp ve. Cy,

Figure 14,- Continued,

9t

83 NL YOWN




“eA PO Layfme] - WOVN

gesy NI YOI

| Blulckugls, I Arr!es
percent tunnel A
® 05 2by2 A e
a 1.2 2by2 ? [P
a 6by6 ot len / . A
A i A 13/ a’éf
o P /
[ ] oo i ' ] '
K n.o,d; y (ﬁ
3
5
: | i F
g % )
3 Ar Z/
K ,
\A (64
M=080 90 100 7 108 Li2 120
L[4 | [ 4 L Lf | |

(e) Cy ve. O,
Flgure 1k%.- Concluded..

LE



